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Logistical aspects of human surgical tissue 
management in a hospital setting
B.M. Alden and A.J. Schlueter
Many hospital transfusion services have assumed responsibility for 
the coordinated management of human allograft tissue. This overview 
summarizes logistical aspects of tissue management based on the ex-
perience of a centralized tissue service at a large academic hospital, 
in which tissue is stored in a location remote from patient care areas. 
Operational aspects include determination of which personnel clas-
sifications will perform the necessary functions, establishment and 
maintenance of the standing tissue inventory (including pros and cons 
of alternative approaches to inventory acquisition), and necessary con-
siderations for making tissue available for surgical cases in the hospital. 
The nature of communications regarding tissue orders for individual 
surgical cases is discussed, as well as mechanisms for storage of tissue 
and transportation and delivery of tissue to the surgical suites. Finally, 
options for the disposition of tissue that has been dispensed from the 
tissue service but was not used during the surgical procedure are sum-
marized. With attention to these details, a tissue service can provide 
reliable, high-quality tissue in a timely fashion.
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Documented tissue transplants were performed as early as the late 1800s, but tissue banking began with the founding of the Navy Tissue Bank in 1949 
by Dr. George Hyatt. The purpose of this initial bank was 
to store frozen bone for clinical and research purposes.1 
Hospitals soon developed their own tissue banks to store 
limited amounts of tissue to meet the needs of their sur-
geons, but by the late 1980s and early 1990s, the expanded 
surgical use of tissue led to the growth of commercial tissue 
banks (hereafter referred to simply as tissue banks). At this 
time there was also a separation of the functions for retriev-
al, processing, and distribution to different organizations.1 
Surgeons relied on representatives of the tissue banks to 
ensure that the correct tissue was available for a surgery, 
and the representatives transported tissue to the hospital, 
arranged storage of the tissue before surgery, transported 
tissue to the operating room (OR), and maintained implant 
records. Thus, the responsibility for documentation and 
verification of tissue acceptability was not in the hands of 
the hospital. Accumulating evidence of infectious disease 
transmission by tissue transplants and incidents of docu-
ment falsification led to much tighter regulation of human 
tissues by the US Food and Drug Administration (FDA).2,3 
The Joint Commission now also requires hospitals to estab-
lish a centralized system to ensure that tissue is handled in 
a safe and efficient manner.4 The transfusion service has be-
come the location for this system in many hospitals because 
tissue handling requirements greatly mirror those of blood. 
This overview outlines logistical aspects that should be con-
sidered in the operation of a hospital-based tissue service, 
with a focus on allograft tissue.
Personnel Requirements
 When designing a comprehensive tissue service for a 
hospital, all aspects of tissue management must be identi-
fied, and the role of various service lines within the facility to 
accomplish the necessary tasks must be clearly defined. The 
functions that must be assigned include responsibility for 
inventory management; creation and revision of standard 
operating procedures; acquisition, storage, dispensing, de-
livery, and tracking of tissue; final preparation of tissue for 
implantation; billing; and quality control and quality assur-
ance activities. Multiple staff classifications both within and 
external to the tissue service may be qualified to perform 
one or more of these functions. For example, tissues could 
be transported within the facility by one or more of the fol-
lowing: patient care area or tissue service clerks, clinical 
laboratory scientists, nursing assistants, or even hospital 
volunteers. Similarly, billing could be the responsibility of 
purchasing or tissue service personnel.
 After determining the tasks that will be performed by 
the tissue service, the minimum staffing requirements nec-
essary to perform these duties in an accurate and timely 
manner must be assessed. Factors to consider when determining 
minimum staffing requirements include the location of 
the tissue service in relation to the OR, the roles of the OR 
and tissue service personnel in the tissue dispensing and 
delivery process, the number of surgeries per day requir-
ing tissue, and whether tissue is tracked by an electronic 
system such as the laboratory information system (LIS) or 
by a paper system. In addition, quality assurance effort 
requirements should be considered (quality assurance con-
siderations are discussed further in an accompanying 
review5). Clearly, the necessary number of tissue service 
staff increases if they play a large role in tissue delivery, need 
to travel a long distance to the OR, or must deliver tissue 
multiple times per day. Also, if a large variety of tissues are 
handled with a tissue tracking and inventory system that is 
not part of the LIS, additional specially trained staff may be 
required. As the creation of a comprehensive tissue service 
is often a response to increased regulations, it is likely that 
the number of individuals who previously managed tissue 
in the institution will be insufficient. Finally, consideration 
should be given to designating a tissue bank coordinator to 
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assist the medical director in the organization and oversight 
of tissue activities. For example, at our institution, tissue 
bank personnel prepare and deliver an average of five tis-
sues per day Monday through Friday (range, 1–10 tissues/
day) to ORs located approximately 5 to 10 minutes away 
from the tissue bank. This level of activity necessitates min-
imum staffing levels of 1.5 full-time equivalents (FTE) for 
operations, 0.5 FTE at the supervisory level, and 0.5 FTE for 
quality assurance. In addition, blood bank personnel cover 
tissue deliveries during evenings and overnight, weekends, 
and holidays. This is an increase of approximately 1.5 FTE 
over the number of designated tissue handling staff before 
comprehensive tissue service was created.
Inventory Establishment and Maintenance
 An initial task in creation of a tissue service is defining 
the content of the standing inventory. Ideally, the standing 
inventory of tissue should be constructed to maximize qual-
ity patient outcomes while minimizing supply expense. The 
choice of tissues is influenced by the length of time needed 
to obtain tissues from suppliers, surgeon preference, and 
information from tissue bank personnel. Over time, 
potential alterations to the standing inventory must be con-
sidered. Finally, the pros and cons of alternative financial 
arrangements for tissue acquisition should be evaluated for 
each tissue.
 If there is a system by which surgeons can notify the 
tissue service in advance for elective cases (see next section, 
“Tissue Orders for Surgical Procedures”), the standing in-
ventory need only include tissues required for emergency 
surgeries, unexpected situations in elective surgeries, and 
tissues that are difficult to obtain quickly but might be 
needed for urgent cases. Minimal standing inventory may 
be determined by discussion with the surgeons to identify 
tissues deemed necessary for emergency use and identifi-
cation of commonly used tissues (ordered less frequently 
to minimize shipping and labor costs). As an example, the 
major components of the standing inventory at our institu-
tion, compared with the usage patterns during a 6-month 
period, are outlined in Table 1. Most allografts can usually 
be obtained from tissue banks within 24 to 48 hours, but oc-
casionally they are back-ordered. However, the demand for 
certain tissues, such as pediatric cardiac valves, routinely 
exceeds the supply. For such tissues, maintaining a range of 
sizes to ensure availability may necessitate purchase when-
ever they become available.
 Maintaining a standing tissue inventory based on in-
dividual surgeon preference requires a large capital invest-
ment. It is therefore worthwhile developing a consensus 
among surgeons (including across surgical specialties, if 
possible) on the types of tissues stocked. For example, lim-
iting the types of bone putties in inventory or the tissue 
banks from which they are purchased can make the inven-
tory more manageable and reduce expenses. Tissue bank 
sales and technical representatives are a valuable resource 
for the surgeon and the tissue service. Their experience can 
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Cardiothoracic 20 3 Aortic valve (9 mm–30 mm)
2 0 Hemi-pulmonary artery
2 0 Pulmonary graft patch




2 1 Cancellous particles
2 9 Cortical particles
8* 5 Iliac crest wedge
(various sizes)
Neurosurgery 35* 42 Bone putty and paste
(various sizes)
32* 16 Spinal bone spacers
(various types and sizes)
Ophthalmology 4 9 Amniotic membrane
2 2 Fascia lata strips
3 46 Sclera
Orthopedics 35* 186 Bone putty and paste
 (various sizes)
45 140 Cancellous bone chips 
(various sizes)
20 61 Corticocancellous bone 
chips (various sizes)
6 3 Fascia lata (various sizes)
6 43 Femoral head
12 17 Fibular and tibial cortical 
struts
8* 2 Iliac crest wedge 
(various sizes)
16 74 Soft tissues (Achilles 
tendon, semitendinosus, 
patellar ligament, anterior 
tibialis)
32* 28 Spinal bone spacers 
(various types and sizes)
2 2 Whole long bones
Otolaryngology 10* 37 Acellular dermal matrix (vari-
ous sizes and thicknesses)
Trauma/burn/
general surgery
10* 2 Acellular dermal matrix (vari-








1 0 Femoral popliteal
 artery—blood type O
1 0 Saphenous vein—
blood type O
*Minimum inventory for these items is shared between two or more 
services (listed in duplicate in the table).
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be useful in establishing par levels in the tissue inventory, 
and their knowledge of impending supply limitations may 
assist in avoiding back orders. Nevertheless, it is imperative 
that requests for acquisition of specific tissues come from 
the surgeons to ensure there is no miscommunication 
regarding what they intend to use for their patients.
 New products or surgical staff may necessitate an in-
ventory adjustment. A centralized product evaluation com-
mittee, consisting of surgeons as well as representatives 
of hospital procurement and tissue services, can assist in 
determining the medical benefit and financial impact of ad-
ditional inventory items or replacement of existing tissues. 
It is also necessary to ascertain whether the new tissue is 
handled by a qualified supplier (for more details, see ac-
companying tissue service quality assurance review5) and 
whether the tissue has FDA approval.6 If the tissue is not 
FDA approved, institutional review board approval may be 
required by the hospital.
 Tissues can be obtained by direct purchase, consign-
ment, and loaner arrangements. For commonly used tissues 
with a long shelf life (often 2–5 years), a purchase arrange-
ment is a viable option. Advantages include control of the 
inventory and the ability to negotiate prices based on vol-
ume. The disadvantage is that most tissues, once purchased, 
are not returnable—especially refrigerated and frozen tis-
sues. If a new product becomes the surgeons’ preference or 
if there is a turnover in surgical staff, a purchased product 
may no longer be implanted as frequently (or at all), leading 
to expiration in inventory. Some companies will establish 
exchange or return programs for tissue stored at ambient 
temperature, if the tissue is a year or more from the expira-
tion date, and if the exchange is for a similar product.
 Consignment agreements allow tissue to be stored at the 
hospital, but only the tissue that is actually used is billed to 
the hospital. Some tissue banks offer to monitor the tissue 
inventory, replace tissues close to expiration, and maintain 
documentation, either manually or via software programs. 
Disadvantages to consignment arrangements include po-
tential increased tissue service labor costs if the consign-
ment inventory is managed by tissue service personnel. 
This practice increases replacement tissue shipments and is 
accompanied by additional inventory documentation. Also, 
some tissue banks charge higher prices for tissues that are 
brought in on consignment.
 Loaner arrangements are a third tissue acquisition op-
tion. Typically, the loaner tissue is shipped to the hospital 
on the day before or the day of surgery, and any unused 
tissue is returned immediately after the surgery. As with 
consignment tissue, only loaner tissue that is actually used 
is billed to the hospital. This is an attractive alternative for 
tissues used infrequently or when many sizes of a tissue 
must be readily available to allow selection of the precise size 
needed during the procedure, as for some neurosurgery cases. 
It also minimizes the amount of tissue stored at the hospital, 
which reduces labor-intensive inventory reconciliation. A 
disadvantage to loaner arrangements is the labor involved 
in tracking incoming and outgoing tissues. Generally this 
arrangement is only available for tissues stored at ambient 
temperatures, but some tissue banks allow frozen or cry-
opreserved tissues to be returned if the original shipping 
container is not opened and the tissue is returned within a 
designated time period.
Tissue Orders for Surgical Procedures
 A reliable communication system between the surgical 
and tissue services is necessary to ensure that tissues need-
ed for each case are available at the time of the procedure. 
Tissue orders are placed for items from the standing inven-
tory or for noninventory items that in some cases must be 
matched for the patient’s size. Important elements of the 
ordering process include routes and timing of communica-
tion, minimum necessary information identifying the tissue 
and the patient, and notification of unexpected events be-
fore the surgery (e.g., rescheduled or cancelled cases, delays 
in tissue availability).
 Orders can be submitted to the tissue service electroni-
cally, by paper, by phone call, or by a combination of these 
approaches. Minimum basic information needed to fill the 
order includes patient identification, requesting surgeon, 
tissue type and quantity, and scheduled surgical date. If the 
surgical date has not been set at the time the order is placed, 
a mechanism should exist to communicate this date when it 
is determined. Precise identification of the desired tissue is 
facilitated by establishing a uniform nomenclature for tis-
sue requests for use by both the surgical team and tissue 
service personnel. A Web site or shared computer file can 
provide detailed descriptions of unique tissues, for exam-
ple, specific measurements and any flaws present in cardiac 
valves or vessels. The creation of kits containing multiple 
sizes of the same tissue type that are usually ordered 
together (e.g., bones needed for spinal surgeries) expedites 
orders for such tissues. Allowing orders to be submitted by 
a proxy (nurse, physician assistant, or secretary) may ex-
pedite rapid receipt of the order by the tissue service; how-
ever, requiring surgeon verification of tissue orders places 
responsibility for their accuracy at the highest level.
 A minimum notification time (the time from when the 
tissue order is received to the scheduled surgery date) must 
be established based on the anticipated time needed to pur-
chase or reserve tissue. If the tissue service is staffed 24/7 it 
may be possible to receive orders and reserve tissues for the 
patient from the standing inventory even on the second or 
third shift. For tissues not in inventory, order placement by 
the surgical team 48 hours before surgery generally ensures 
adequate time to receive tissue that a distributor routinely 
carries in its inventory. On the opposite end of the spec-
trum, it is not always fiscally sound to purchase or reserve 
tissue for a patient as soon as the tissue order is received, 
owing to potential changes in or cancellation of surgical 
dates. However, if tissue orders are placed as soon as the 
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surgeons know that tissue is needed for a patient, any spe-
cial requests or inventory issues can be dealt with in a me-
thodical rather than an emergent manner. One to 2 weeks 
before the surgery is generally an adequate time frame 
within which to reserve tissue for a particular patient.
 A system that notifies the tissue service of changed 
or cancelled surgery dates helps to ensure that tissues are 
available by the appropriate date for specific patients and 
released or returned if the surgery is cancelled. Conversely, 
a method by which surgical teams can be notified of antici-
pated tissue arrival dates and back-ordered tissue allows 
surgeries to be rescheduled if necessary until tissue is avail-
able.
 Additional considerations apply to tissue orders for 
surgeries in which tissues that are in short supply must be 
sized for the particular patient. In these situations, the sur-
geon must supply the dimensions of the tissue needed or 
send an x-ray or scan to be measured. In some instances 
these materials are submitted directly to the tissue bank, 
which then supplies the surgeon with information on one or 
more potentially acceptable grafts. Identification of some of 
these tissues requires weeks to months, and a short expira-
tion date subsequently requires rapid implantation. Other 
sized tissues are identified and available well in advance of 
the scheduled surgery date. The benefits of receiving such 
tissues as soon as they are identified must be balanced 
against the risk of surgical cancellations and subsequent 
tissue wastage, as the tissue is usually not returnable. This 
latter outcome not only is fiscally undesirable, but prevents 
another patient elsewhere from using this unique resource.
Tissue Acquisition and Storage
 Whether tissue is acquired to replace items in stand-
ing inventory or specifically ordered for certain patients, it 
should be verified to be intact and at the appropriate tem-
perature on arrival and be handled and stored following the 
manufacturer’s directions. Direct shipment of tissue from 
the distributor to the tissue service (rather than transport 
by the sales representative to the surgical suite) allows the 
tissue service to verify that tissues are received within ac-
ceptable parameters and tracked continuously after receipt 
at the facility. (Tissue tracking is discussed in detail in the 
accompanying tissue service quality assurance review.5) To 
avoid inadvertent release of potentially compromised tis-
sues, a quarantine area should be used to sequester tissues 
before verification of their acceptability on receipt from the 
vendor (or return from a patient care area). Tissue banks 
supply handling and storage directions with each tissue. 
These are located on the exterior packaging or a package 
insert and may change between lots of tissue from the same 
supplier.
 Tissues may be stored at ambient (or room) tempera-
ture, refrigerated, frozen, or cryopreserved (≤–120°C).3 Tis-
sues stored within the same general temperature range often 
have slightly different limits. For example, cryopreserved 
tissues from one tissue bank require storage at <–135°C, 
whereas a similar tissue from another supplier calls for 
storage at ≤–120°C. Some tissue banks offer to provide 
storage devices for their tissues. If the tissue service must 
identify additional storage units, consideration should be 
given to using extra capacity in units that the transfusion 
service uses for blood component storage. As with blood 
component storage units, tissue storage unit temperatures 
must be continuously monitored to ensure that temperature 
ranges are not exceeded.4 Because equipment problems will 
occasionally be encountered, it is imperative that backup 
storage locations be available for all storage temperatures. 
Alarm settings on storage units should be set so there is 
adequate time to move tissues to a new storage location if 
needed.
 Designated storage areas should be established, into 
which tissues are placed after being reserved for specific 
patients, to ensure that adequate tissue is available for each 
surgical patient. Moving reserved tissue to such locations 
helps to identify which tissues need to be ordered to main-
tain baseline standing inventory levels.
Transportation and Delivery to Surgical Areas
 Transport within the hospital may be defined as the 
time required for tissue delivery to the OR, time spent in a 
holding area near the surgical area just before surgery or in 
the OR during surgery, and return from the OR (if the tissue 
is unused). Factors to consider when establishing a trans-
portation and delivery system include determining where 
tissue needs to be transported within the institution, how to 
maintain the designated storage temperature of each tissue, 
and what information must accompany the tissue. Proce-
dures using tissue occur within traditional ORs, in outpa-
tient minor procedure rooms, or on inpatient units (e.g., 
neonatal intensive care). Personnel available to transport 
tissue to these destinations and distances from the tissue 
storage location are variable. If tissue is stored remotely, 
delivery is facilitated by identification of a secure location in 
or close to the areas of high tissue usage from which tissue 
orders for part or all of a shift can be dispensed. Vending 
machine-type systems, similar to drug-dispensing systems, 
can be stocked with tissues that are dispensed to surgi-
cal staff when the correct patient information is scanned. 
These devices can provide substantial long-term savings 
by minimizing transport time. The system should have a 
mechanism that requires bar code scanning to track the 
identification of the staff person obtaining the tissue, the 
tissue itself, and the recipient. Bar codes on tissue packages 
are not standardized, and it may be necessary to print new 
bar code labels that can be placed on the tissue package. 
These bar codes must be linked to the tissue bank’s original 
identifier.
 Tissue must remain within the tissue bank’s designated 
storage temperature range at all times during transport.2 
Therefore, all containers used to transport tissue must be 
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validated to maintain the desired temperature for at least 
the length of time needed for the entire transport process. 
A validated period longer than the predicted transport time 
is desirable to accommodate potential problems, such as 
“lost” containers or weekend or holiday staffing, with less 
frequent container returns to the tissue service. For ambi-
ent temperature transport, most any container large enough 
to hold the tissue will suffice. For refrigerated or frozen tis-
sues, coolers or dry ice chests are needed. Cryopreserved 
tissues require a Dewar or cryoshipping container that can 
be charged with liquid nitrogen or that contains charged in-
serts that will maintain the proper temperature.
 A copy of instructions for handling the tissue, the tissue 
specifications, and any available donor information must 
accompany the tissue to the surgical area.4 The date, the 
time, and the personnel dispensing and receiving the tis-
sue must be documented. If the patient name and surgical 
location are attached to the outside of each container when 
the tissue is dispensed, patient confirmation by both parties 
can be made without opening the container. Accurate docu-
mentation must also occur of the patient into which the tis-
sue was implanted and whether some tissue was wasted.
Return of Unused Tissue
 Before accepting a dispensed tissue back into invento-
ry, the tissue service must determine that the tissue meets 
certain criteria. These include maintenance of the appropri-
ate temperature and packaging integrity.
 Maintenance of proper temperature can initially be 
assumed if the tissue transport container has been returned 
within the time limit for which it was validated. If there is 
any reason to suspect that the contents of a container returned 
within the validated period are not at the appropriate tem-
perature (e.g., the container might have been left open in 
the OR), or if a container should be returned outside of 
the validated time frame, the internal temperature of the 
transport container can be measured and tissues ac-
cepted if the temperature is within the appropriate range.
 Packaging integrity can generally be determined by 
verifying that the seals on the tissue packaging are intact. 
Many tissues are packaged in two containers to allow the 
sterile inner package to be placed on the sterile field. As 
long as the inner package is intact the tissue remains sterile 
and acceptable for use. The surgical staff must be queried 
before dispensing tissue that is missing the outer package, 
to determine whether it is possible to aseptically remove the 
tissue from the inner package. If not, the tissue must be dis-
carded.
 Multiple packages of similar tissues are sometimes 
simultaneously dispensed to an OR. If the packages do not 
have seals on the outer packaging that would allow detec-
tion of removal and replacement of the (nonsterile) inner 
tissue container and any of the tissue is returned, the tis-
sue identifiers on the outer and inner packages should be 
checked to ensure that tissues were not inadvertently 
replaced into the wrong outer containers.
Conclusion
 New FDA regulations and Joint Commission standards 
have increased the incentive for hospitals to centralize the 
handling of surgical tissues. The hospital transfusion ser-
vice is often a logical place for this function. The transfusion 
service staff is already familiar with the processes for stor-
ing, dispensing, and returning blood that are very similar 
to those needed for tissue and thus possess unique skills 
for rapid development of a high-quality tissue service. The 
increase in tissue regulations also encourages a different 
view of tissue within the hospital, one that emphasizes the 
limited nature of the resource as well as its potential for 
transmission of infectious disease, and therefore the need 
to manage it in a controlled, traceable manner. Coordinat-
ing tissue services with transfusion service activities also 
emphasizes this aspect of tissue handling and encourages 
similar practices on the part of the users of tissue.
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